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% Peritoneal dialysis and composHlons for use therein. 

@ A pert.toneal oaiysis compos.t.on contains an osmotic 
agent comprising a glucose polymer mixture, said mixture in- 
cluding more than 50 s , by weight of glucose polymers of D.P 
(degree of polymensationl greater than 1 2. A method of effect 
<ng peritoneal d.alys.s comprises introducing into the abdom. 
nal cav.ty of a pat.em such a peritoneal d.alys.s composition 
meIh °d of treating a pa t,ent su"er,ng from toxaem.a caused 
Other than by kidney malfunction composes effect.ng per.to 
nea) d.alys.s by .ntrcduc.ng ,nto the abdominal cavity of the pa 
t t.eni a peritoneal (j, a i v s.s imposition .nclud.ng as an osmot.c 
J agent a glucose polymer mature conta-n.ng at least 15% by 
wcght of giucos» soiymers of O P. greater than 12. 
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Peritoneal Dialysis and ComDOSition« for Use Therein 
This invention relates to peritoneal dialysis. 
Our co-pending U.K. Application No. 8400523 (now 
published as specification GB 2132914 A) discloses 
peritoneal dialysis compositions containing an osmotic 
agent comprising a glucose polymer. mixture, said 
mixture including at least 15J6, preferably from 20 to 
50%, by weight of glucose polymers of D.P. greater 
than 12. (D.P. is an abbreviation of "degree of 
polymerisation" . ) 

Peritoneal dialysis can be used for treatment of 
both acute and chronic renal failure. The treatment 
should ideally serve to restore the composition of the 
blood of the patient to that which would prevail if the 
patient's kidneys were functioning normally, and to 
maintain the blood in such a state. In the present 
state of the art such ideal results are not achievable 
and are probably not likely to be achieved in the near 
'future, especially as some of the normal kidney 
functions, for example synthesis of hormones and enzymes, 
are of such a nature that dialysis of any kind cannot 
be expected to compensate for loss of these functions. 
However, even with its recognised imperfections, the 
established technique of carrying out peritoneal dialysis 
using dextrose as the osmotic agent has been of great 
value and any improvement over it is of potential 
importance . 

As explained in our co-pending U.K. Application 
No. 8400523 the use of an osmotic agent which is a 
glucose polymer mixture including at least 1596 by weight 
of glucose polymers of D.P. greater than 12 has 
advantages over the use of dextrose as the osmotic agent. 
We have now found that for some purposes it is 
advantageous c use an osmotic agent which is a glucose 
polymer mixture containing more than 50% by weight of 
glucose polymers of D.P. greater than 12. 
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Clinical tests carried out with a peritoneal 
dialysis solution containing, as the osmotic agent, a 
glucose polymer mixture of the composition set out in 
Example 5 of our co-pending U.K. Application No. 8400523 
5 demonstrated that the rates of extraction of urea, 

creatinine, uric acid, and phosphates were significantly 
higher than those achievable using dextrose as the 
osmotic agent. Insulin secretion did not rise, blood 
glucose was substantially normal, and only small 
10 quantities of amino acids passed into the peritoneum. 
These desirable results were achieved in conjunction 
with withdrawal of water from the blood at a rate that 
could be varied to meet the needs of the patient by 
varying the initial concentration of the glucose polymer 
15 mixture in the dialysing solution. 

•Clearly, the use of such a glucose polymer mixture 
in peritoneal dialysis represents a considerable step 
forward in the art. Nevertheless, it was not 
reasonably to be expected that the dialysis solutions 
20 containing these glucose polymer mixtures as the 

osmotic agent would be equally good for all clinical 
purposes. In particular, the performance of a dialysis 
solution can in general be regarded as less critical 
when it is used in intermittent peritoneal dialysis, 
25 for example in treatment of acute renal failure, than 
when it is used in continuous peritoneal dialysis, 
because a patient undergoing the latter treatment may be 
subject to a cumulative effect of any shortcoming of 
the treatment. 

3C Ve have observed that when using a solution con- 

taining 10% or more by weight of the glucose polymer 
composition of Example 5 of our co-pending U.K. 
Application No. 8400523 there is, in some patients, a 
significant loss of oligosaccharides from the 
35 peritoneum. (Oligosaccharides are herein defined as 
glucose polymers of D.P. from 2 to 10 inclusive.) This 
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was reflected in raised levels of maltose and 
maltotriose in the serum. On discontinuing dialysis 
it was found that the serum maltose level fell only 
slowly over a period of eighteen hours, suggesting 
that there had been storage of oligosaccharides. 
Assessment of the behaviour of the glucose polymers of 
a molecular weight higher than that of the 
oligosaccharides, by measurement of the concentrations 
of these in both the serum and the peritoneum, 
revealed that there was good retention of these in the 
peritoneum with minimal appearance of them in the serum: 

Although the dialysis compositions of our co- 
pending U.K. Application No. 8400523 are plainly 
superior to similar compositions containing dextrose 
as the osmotic agent, it is of course desirable to 
provide peritoneal dialysis compositions which further 
reduce the possibility of transfer of carbohydrate from 
the peritoneum to the serum. 

It is an object of the present invention to provide 
peritoneal dialysis compositions having improved 
properties in this and other respects. 

Accordingly, the present invention provides a 
peritoneal dialysis composition containing an osmotic 
agent comprising a glucose polymer mixture, said mixture 
including more than 5096 by weight of glucose polymers of 
D.P. greater than 12. For many purposes, the mixture 
may contain from 50 to 90% by weight of glucose polymers 
of D.P. greater than 12. For the treatment of patients 
in respect of whom it is desirable to keep to a minimum 
the transfer of carbohydrate from the peritoneum to the 
serum it is advantageous to use a mixture containing 
from 75 to 100%, preferably 90 to 100%, by weight of 
glucose polymers of D.P. greater than 12. The average 
molecular weight of the polymer mixture is preferably 
from 15,000 to 25,000, more preferably 18,000 to 22,000 
(as determined by high pressure liquid chromatography). 
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In the case of patients being treated by continu- 
ous peritoneal dialysis, it is .particularly desirable 
that the content of oligosaccharides in the glucose 
polymer mixture should be kept at a level low enough 
to ensure that too great a storage of carbohydrate does 
not occur, due to transfer of oligosaccharides from the 
peritoneum to the serum. Different patients have 
different requirements in this respect but it is 
desirable that for patients undergoing continuous 
treatment, especially those on C.A.P.D. (continuous 
ambulatory peritoneal dialysis) the oligosaccharide 
content of the glucose polymer mixture should be no 
higher than 1096 by weight, the mixture containing from 
90 to 100% by weight of glucose polymers of D.P. 
greater than 10. 

The content of free glucose in the compositions of 
the invention is within the discretion of the clinician. 
The glucose polymer mixtures commonly contain from 
0 - 3% by weight of glucose but higher amounts may be 
present if the needs of the patient so dictate. 

For use in peritoneal dialysis the compositions of 
the present invention are in the form of an aqueous 
solution which preferably contains from 2 to 10% by 
weight of the glucose polymer mixture, the concentration 
of which is selected according to the nature of the 
treatment involved and the needs of the patient. The 
upper limit of this concentration is in any case subject 
to keeping the viscosity of the solution low enough that 
it will pass easily through the smallest bore of the 
dialysis apparatus being used for introducing the 
solution into the patient's peritoneum and withdrawing 
it therefrom. The lower limit is dependent on the need 
to establish a gradient of osmotic pressure between the 
serum and the peritoneum sufficient to achieve the 
desired clearances of water and waste products from the 
serum but not so great as to effect an intolerably rapid 
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rate of withdrawal of water. . Each patient may need to 
be prescribed for individually; however, a concen- 
tration of from about 2 to about k% by weight appears 
to be suitable for most patients on C.A.P.D. 

Apart from the presence of the specified glucose 
polymer mixture, the dialysis solution has a composition 
similar to that of the known dialysis solutions using 
dextrose as the osmotic agent, this composition being 
well known in the art and forming no part of the 
10 present invention. 

The mode 'of use of the dialysis solutions 
according to the invention is similar to that of known 
dialysis solutions. The solution is infused into the 
peritoneum and allowed to remain there for a pre- 
15 determined time, after which' it is withdrawn and 

replaced by fresh solution. With the solutions of the 
present invention it has been found that 'the dialytic 
effect is maintained for a longer time than has been _ 
the case for most known dialysis solutions. This offers 
20 the possibility of achieving adequate clearances of 
water and waste products from the patient with 
administration of fewer infusions than has been required 
in the past, a matter of particular importance in 
C.A.P.D. where the less frequently the dialysis solution 
25 has to be changed the less chance there is of infection 
(which occurs chiefly during replacement of spent 
solution Ly fresh solution). 

One of the advantages of the osmotic agents used in 
the present invention is that they are capable of 
30 sustaining an osmotic pressure gradient across the 
peritoneal membrane for longer periods than has been 
feasible when using dextrose as the osmotic agent. 
Because of the rapid decay of the osmotic pressure 
gradient when using dextrose, it has been necessary to 
35 use dialysis solutions having a relatively high initial 
osmolality. The osmolality of human blood is of the 



order of 300 mOsm/kg. In order to minimise stress on 
the peritoneal membrane it is desirable that the 
osmolality of the dialysis solution should exceed that , 
of the patient's blood by as little as is compatible 
5 with achieving satisfactory dialysis. The compositions 
of the present invention make it possible to achieve 
satisfactory dialysis with an initial osmolality of the 
dialysis solution considerably less than when the 
osmotic agent is dextrose or when it is a glucose 
10 polymer containing a substantial proportion of 

oligosaccharides, and at the same time to sustain 
dialysis for longer periods than with previously used 
dialysis solutions. 

In favourable cases it is possible for peritoneal 
15 dialysis solutions of- the present invention to be 

allowed usefully to remain in the peritoneum for as long 
as eight hours. The daily regimen for a patient 
suffering from chronic renal failure and being treated 
by continuous peritoneal dialysis then involves three 
20 exchanges per day. Each infusion is of two litres in 

volume so the total infusion per day is six litres. The 
total amount of fluid withdrawn per day is 7.2 litres, 
corresponding to a clearance of 5 ml/minute, for 
components in respect of which equilibrium is achieved 
25 between dialysate and plasma. 

When treating a patient suffering from acute renal 
failure (or suffering from poisoning from a drug 
overdose, as will be discussed below), it is feasible to 
establish a regimen involving infusion of three litres 
30 per hour, withdrawing about four litres at the end of 
each hourly period, corresponding to a clearance of 
nearly 70 ml/minute. This is lower than the clearance 
rate which can be achieved by haemoperfusion, which is 
of the order of 100 ml/minute. However, haemoperfusion 
35 cannot be continued for very long; in some cases a 

period of up to six hours is as long as can be tolerated 



without risk. By contrast, peritoneal dialysis can be 
continued for a very much longer time without such 
risk. 

The glucose polymer mixtures used in this inven- 
5 tion can be produced by hydrolysis of starch in known 
ma nner, followed by treatment of the mixture of glucose 
polymers so obtained in order to remove some or all of 
the glucose polymers of lower molecular weight. 
Preferably, a glucose poller mixture is prepared by 
10 the process described in specification G.B. 2,132,914 A 
and removal of lower molecular weight polymers is then 
Effected by known fractionation techniques, such as 
' solvent fractionation, or separation of the "polymers 
with the aid of permeable membranes of appropriate cut- 
15 off characteristics. 

In general, the fractionation techniques employed 
are such as to remove mainly the lower molecular weight 
polymers. If desired, however, they may also be used 
to remove very high molecular weight polymers if this 
20 is found to be necessary in order to ensure that all 

of the final mixture of glucose polymers is sufficiently 
water-soluble for there to be no tendency for higher 
molecular weight polymers to precipitate from solution 
on standing. 

25 • The following Examples are given by way of 
illustration and without limitation. 

Example 1 

The glucose polymer mixture of Example 5 of 
specification G.B. 2,132,91* A was washed repeatedly with 

30 aaueous ethanol to remove lower molecular weight glucose 
polymers in the filtrate. Chromatographic analysis of 
the solid residue showed that after two such extractions 
the glucose polymer mixture contained less than 5°/o by 
weight of polymers of D.P. of 12 or less. After removal 

35 of pyrogens (by passing a solution of the glucose polymer 
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mixture through a column of activated charcoal) this 
glucose polymer mixture was suitable for use as the 
osmotic agent in a peritoneal dialysis composition 
according to the present invention. 

Example 2 

The glucose polymer mixture of Example 5 of G.B. 
specification No. 2,132,91* A was dissolved in water. 
To this solution was added 95% w/w ethanol with 
continuous stirring until a concentration of 55% 
ethanol was reached. The precipitated higher molecular 
weight polymers were then separated by decantation. A 
portion of this separated syrup was analysed and was 
found to have the following composition:- 
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G 12 
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G 13- 
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G 15 
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79.1 



Thus, the polymer mixture (which would be capable of 
use as an osmotic agent according to the invention) 

30 contained 86.3% of polymers of D.P. greater than 12 and 
13.5% of polymers of from D.P. 1 to 10. 

The remainder of the separated syrup was re- 
dissolved in water and re-precipitated by addition of 
95% w/w ethanol, this time to achieve a concentration of 

35 65% ethanol. The precipitate was then dissolved in 

water and the solution was evaporated to dryness. The 



composition of the glucose polymer mixture so obtained 
was as follows :- 
G* 1 

G 2 0-7 

5 G 3 °-9 

G 4 °- 6 

G 5 °-9 
G 6 2.0 

G7 .1-7 

10 G 8 °«5 

G 9 °' 3 

G 10 0*5 

G 11 °« 2 
G 12 °- 2 
15 G 13-14 5 ' 8 
G 15 and over 86.1 

Thus, the polymer mixture contained 91.9% of polymers 
of d'.P. greater than 12 and 7.9% of polymers of from 
D. P. 2 to 10. The average molecular weight of this 
20 polymer mixture, determined by H.P.L.C., was 23,700. 

This glucose polymer mixture was the subject of clinical 
and other tests and is referred to below as "the glucose 
polymer mixture of Example' 2". 
Example 3 

25 23Kg of the glucose polymer mixture described in 

Example 5 of G.B. specification No. 2,132,914 A was 
dissolved in water, the solution having a volume of 37 
litres. 32.5 litres of 85% w/w ethanol was added. 
After allowing two phases to separate by settling over 

30 four hours, the high molecular weight lower syrup phase, 
containing approximately 10% of the polymers, was 
withdrawn and discarded. To the upper phase was added 
40 litres of 85% w/w ethancl, to precipitate a further 
53% of the original polymers. This syrup phase (21 

35 litres) was diluted to 46 litres with water and re- 
precipitated with 75 litres of 85% w/w othanol to yield 



3196 of the original glucose polymers. After two 
further re-precipitations, a yield of 2796 of the 
original glucose polymers was isolated. The 
composition of the polymer mixture thus obtained was 
as follows:- 
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G 13- 
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and over 
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of D .p. greater than 12 and 8.2596 of polymers of from 
D.P. 1 to 10. The average molecular weight of the 
polymer mixture, determined by H.P.L.C., was 19,800. 

Example 4 ; 
25 Clinical tests were carried out by subjecting an 

adult male to peritoneal dialysis with two compositions. 
Each composition was a solution of a type conventionally 
used in peritoneal dialysis, the compositions differing 
only in the nature of the osmotic agent used. One 
30 composition (Solution A) contained 1.3696 by weight of 
dextrose and the other composition 596 by weight of the 
glucose polymer mixture of Example 2 above. The results 
of the tests are summarised as follows :- 
1. The degree of ultrafiltration was comparable for the 
35 two solutions. In each case the patient received 2.2 
litres of solution. After three hours the solution was 
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0.89 
0.91 
0.96 
1.10 



withdrawn from the patient and for Solution A the 
Withdrawn volume amounted to 2.375 litres whereas for 
Solution B it amounted to 2.430 litres. 
, The levels of uric acid, phosphates, creatinine, 

r „A in thf> dialvsate were 
^ and urea in the serum and in the aiaxy 

5 tZ**. A^er a three hour dwell or solution in 
the peritoneum the ratios of concentration in the 
dialysate to concentration in the seru, were as follows >- 
G Y Solution A Solution B 

0.60 

10 Uric acid 

t. * °- 68 
Phosphate 

* . 0.73 
Creatinine 

0.9^ 
Urea 

It is clear that Solution B gives a more efficient 

„ i A The fact that the concen- 

15 .extraction than Solution A. The lact 

traticn of urea is higher in the dialysate than in the 
semm is remarkable and unexpected. This effect^ he 
due to the formation of inclusion complexes of urea 
with glucose polymer molecules. It is beloved that 
higher molecular weight glucose polymers have helical - 
structures when in solution and it is therefore possible 
that they could form such complexes. 

3 The initial osmolality of Solution A was 334 mOsm/kg; 
that of Solution B was 311 mOsm/kg. After three hours 
the osmolality of the dialysate formed by Solutior , A was 
about 80* of the original value, whereas the osmolality 
of the dialysate formed by Solution B remained the same 
as the original value. 
Example 5 
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Twc litres of Solution B of Example k were intro- 
duced into the peritoneum of an adult non-diabetic mele 
and allowed to remain there for six hours. During that 
time the serum of the patient was monitored to assess 
the levels of glucose and of total carbohydrate, 
results (in mg/dl) were as follows:- 



Time (hrs) Serum glucose Serum carbohydrate 

0 79.5 

1 73.5 

63.5 
55.2 



2 
4 



140.0 
94.0 
150.0 
160.0 
160.0 



6 50.5 
Thus, the dialysis was effected without unduly loading 
the patient with carbohydrate. It is estimated that 
with three infusions of Solution B per twenty-four hours 

10 the total daily carbohydrate uptake would be about 58 g. 
By contrast, with a regimen daily involving four 
infusions of a dialysis solution containing 1.36% 
dextrose and one infusion of a dialysis solution 
. containing 3.86% dextrose (regimen typical of 

15 conventional peritoneal dialysis) the carbohydrate 
uptake can be expected to be about 136 g. 

Example 6 

Three solutions suitable for use in peritoneal 
dialysis were prepared, all of similar composition 
20 except that as the osmotic agent one solution cent a.ned 
1.36% dextrose, another contained 3.86% by wexght of 
dextrose, and another contained 5-0% by weight of the 
glucose polymer mixture of Example 2. The osmolality of 
each solution was measured with the following results 
25 Solution Osmolality (mOsm/kg) 

1 .3696 dextrose 33^ 
3.86% dexcrose 
5.0# of glucose 
polymer mixture 
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of Example 2 30b. 0 



It 



^ ic evident that the third of these solutions would _n 
use be less stressful or. th* peritoneal membrane than 
either of the other solutions. 
Example 7 

35 Two solutions suitable for use in peritoneal 



dialysis were prepared, both or similar composition 
except that one contained, as the osmotic agent, 5.0% 
^weight or the glucose polymer mixture or Example 2 . 
above, whereas the other contained, as the osmot c 
■ t 5 OK bv weight of the glucose polymer mixture or 

' Tm le i or • specrrioation No. ^32.91* A These 
fo't i n were used in peritoneal dialysis on the same 
atient. The total carbohydrate content was measured 
for each of the final dialysates after six hours It 
0 was found that the amount of carbohydrate lost from the 
"ritoneum with the first solution (that of the pr ent 
invention) was 22.1* and with the second solution 44.9%. 
The carbohydrate load on the patient was therefore 
- considerably lower for the first solution than for the 
15 second. 

The nature of the carbohydrate load imposed on the 
patient by these two solutions is of some significance. 
The glucose polymer mixture used in the first solution 
Stains 7.9* of polymers of D.P. from 2 to 10 £r." 
20 the second solution uses a glucose polymer solu ion 
containing 61.8% of polymers of from D.P. 2 to 10. 
When dialysis is carried out with either solution there 
Tours diffusion of polymers of all molecular 
across the peritoneal membrane into the blood. In each 
25 case, the lower molecular weight polymers permeate the 
.embrane more rapidly than do the higher molecular 
.eight polymers. However, because of the Afferent 
composition of the glucose polymer mixtures used as 
osmotic agents, the carbohydrate load imposed by the 
30 first solution comprises a lower proportion of lower 
molecular weight polymers and a higher proportion of 
higher molecular weight polymers than does the load 
imposed by the second solution. 

It appears that the higher .nolecular weight polymers 

35 are degraded in the blood by plasma amylase to give 

die u 5 ThptiP nnlvmers, for 

polymers of lower molecular weight. These, poiy 



example maltotrioses, are not very readily metabolised 
or eliminated. The concentration of such polymers in 
the first solution is relatively low and they can 
therefore be removed from the blood by diffusion 
through the peritoneal* membrane much more rapidly than 
is possible when the second solution is being used for 
dialysis, since the second solution already contains 
a high concentration of such polymers. Thus, the first 
solution may be said to have the capability of removing 
its own breakdown products from the blood. 

This is illustrated by observations made in the 
course of the comparative tests described above. During 
the dialysis using the first solution, the glucose 
levels of the serum and of the dialysate were monitored. 
Initially, the serum glucose level (expressed in 
millimoles per litre) was 4, 3* During the first hour it 
fell to 4.0, during the second hour it rose to 4.4, and 
during the last four hours it gradually fell to 4.2. 
The glucose level ,of the dialysate (initially 
insignificant) rose rapidly during the first hour to 2.1 
and then less rapidly over the last five, hours to reach 
4.4. It will be recognised that the maintenance of a 
substantially constant glucose level in the blood, 
accompanied by a continuously rising level of glucose 
in the dialysate is consistent with a process in which 
higher molecular weight polymers that have entered the 
blood from the dialysate being enzymatically hydrolysed 
to form, inter alia, glucose which is then withdrawn 
into the dialysate, at least until such time as the 
concentration of glucose in the dialysate rises to equal 
that in the blood. A similar process appears to take 
place in respect of the ol irosucchar ides , the build-up 
of which in the blood has caused problems for some 
patients in the past, i.e. Icwor ::;ol-cular weight 
polymers are formed in the blood by hydrolysis of higher 
n-olecular weight polymers and then diffuse into the 



peritoneum. With regard to this, the serum maltose 
level of the patient was determined after six hours of 
dialysis. It was found that when the first solution 
was used the final serum maltose level was 0.15 g/1 
5 whereas for. the second solution it was 1.02 g/1. 

It may be mentioned that polymers of all molecular 
weights "are able to find their way into the blood by a 
route other than by diffusion through the peritoneal 
membrane, possibly by way of the lymphatic system. 
10 The peritoneal dialysis compositions of the present 

invention, and also the peritoneal dialysis compositions 
of our co-pending U.K. application No. 8400523 (pub- 
lished as G.B. No. 2,132,914 A) are of value not only 
in the treatment of patients suffering from kidney 
15 malfunction but also in the treatment of patients 
suffering from toxaemia of other origins. 

Accordingly, the invention also provides a method 
of treating a patient suffering from toxaemia caused 
other than by kidney malfunction, comprising effecting 
20 peritoneal dialysis by introducing into the abdominal 
cavity of the patient a peritoneal dialysis composition 
including as an osmotic agent a glucose polymer mixture 
containing at least ^5% by weight, preferably more than 
30% by weight, of glucose polymers of D.P. greater 
25 than 12. 

Such toxaemia may be caused by toxins which arise 
from int-rnal disorders of the body or are derived from 
external sources. 

Various diseases and disorders give rise to 

30 toxaemia which can be treated by peritoneal dialysis 
using as osmotic agents the glucose polymer mixtures 
referred to. They include gout, hepatic encephalopathy, 
amino acid opathies (MSUD), neurological disorders 
caused by accumulation in the blood of long chain fatty 

35 acids, and cases of intractable heart failure in which 
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an excess of water in the blood constitutes the toxin. 

Toxaemia caused by toxins from sources external 
to the body includes cases of poisoning by overdoses 
of drugs, for example barbiturates, salicylates, 
lithium, and quinidine, and industrial or agricultural 
chemicals, for example the herbicide paraquat. 

In considering the potential value of treatment of 
such toxaemia by peritoneal dialysis using, as osmotic 
agents, the glucose polymer mixtures referred to, it is 
necessary to take into account the fact that the rate 
of removal of a chemical from the body into the 
peritoneal fluid will depend on a number of factors 
which include:- 

1. The degree of plasma protein binding of the chemical, 
because only molecules which are free in the plasma 
water will be dialysed. 

2. The volume of distribution of the chemical, which 
determines the proportion of the total body burden of 
the chemical which is in the blood and is therefore 
immediately available for dialysis. If the volume of 
distribution is high (i.e. the proportion of total 
chemical in the blood is low) then dialysis for prolonged 
periods will be needed to effect a significant removal 

of the chemical. 

Furthermore, the value of such treatment is subject 

to:- 

(a) whether a significant rate of clearance can be 
achieved , 

(b) whether the rate of clearance is substantial when 
compared with the body's normal rate of clearance (by 
metabolism or excretion), and 

(c) whether peritoneal diulynLc can be quickly and 
easily initiated on a patient. 

With regard to (c) it appears that in most cases 
peritoneal dialysis could .be initiated more quickly and 
easily than haemodialys is or haemoperfusion and probably 
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with less risk of harming the patient. In addition, 
unlike haemoperfusion, it should be possible to continue 
with peritoneal dialysis for prolonged periods, so as 
to avoid rebound of the blood level of the chemical 
(due to influx from the tissues) that can occur when 
haemoperfusion has to be stopped because of such 
problems as loss of platelets. 

As mentioned above, any binding of the chemical to 
plasma proteins would limit the rate of clearance of 
the chemical to the peritoneum because only unbound 
chemical is free to equilibrate with that in the 
dialysis solution. However, in a case where it is 
possible to reduce the 'free concentration of the 
chemical in the dialysis solution to a level below that 
in the plasma, a .better clearance can be achieved. 
Natural or synthetic complexing agents may be considered 
for this purpose. For example, the inclusion of human 
albumin in the dialysis solution may in some cases offer 
the possibility of effecting improved clearance of some 
drugs, such as tricyclic anti-depressants which are 
highly bound to plasma protein. 

A discussion of the potential value of peritoneal 
dialysis for the treatment of paraquat poisoning will 
serve for illustration of this aspect of the invention. 
(Paraquat is a trade name for the herbicide 
dimethyl-4-4 '-dipyridium dichloride. ) 

In the paraquat (PQ) poisoned patient an early and 
important event is renal failure. The time of onset and 
degree of renal failure determines how much PQ is 
retained in the body to allow the slow accumulation of 
toxic concentrations in the lung. The kidney lesion is 
reversible but the lung lesion is not and is usually the 
cause of death unless the patient has taken a massive 
dose and dies within 2-3 days. A methcd for removing PG 
from the circulation in the interval between onset of 
renal failure and accumulation of toxic levels in the 
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lung (approximately 12-18 hours in man) would be 
valuable. This method must be readily instituted 



(within 1 hour) and must be capable of being maintained 
for long periods (3-4 days) until renal function begins 
5 to return and the body burden of PQ has been largely 
eliminated. 



Peritoneal dialysis with the glucose polymer 
mixtures referred to above represents an attractive and 
better alternative to haemodialysis or haemoperfusion 
10 for the removal of PQ. The purpose of the study 

described below was to determine whether a solution of 
the specified glucose polymers in the peritoneum of a 
dog extracts PQ from the circulation. 

EXPERIMENTAL PROCEDURE 

15 A 28.5 Kg greyhound dog was anaesthetized with 

pentobarbital. A venous cannula was inserted into one 

foreleg vein for collection of blood samples and into 

the other for administration of PQ. A bladder catheter 

was inserted for collection of urine. An intravenous 

1A 

20 dose of 20 mg/kg (570 mg and 116 ug of C-PQ - 51.5 

uCi) of paraquat was administered over a 5 minute period. 
Urine samples were collected every hour, volume was 
recorded and aliquots were taken for measurement of 
radioactivity. Blood samples were taken every 30 

25 minutes, plasma was separated and counted. Two hours 
after the administration of the paraquat 33 ml/kg 
(1180 ml) of a peritoneal dialysis solution (of 
conventional composition except that instead of dextrose 
the solution contained, as the osmotic agent, 10% by 

30 weight of the mixture of glucose polymers of Example 5 
of specification G.B. No. 2,132,91 Z + A) was introduced 
intc the perioneum through a catheter. Samples of the 
dialysis fluid were taken at intervals for tv/o hours. 
Two hours after the introduction of the peritoneal 

35 dialysis fluid, it was removed and the experiment was 
terminated , 



RESULTS 

The experiment was completed according to the protocol. 
However, the intravenous dose of paraquat did not 
induce renal failure within 2 hours as was expected. 
5 The renal clearance of paraquat did not decline (Table 
1). A larger dose with a longer time period would 
evidently be needed to cause renal failure. Neverthe- 
less, this study clearly shows that paraquat readily 
passes from the blood into the dialysis fluid in the 

10 peritoneum (Table 2). The rate of rise of the 

concentration of paraquat in the peritoneum was rapid 
at first so that half equilibration with the plasma 
concentration was achieved in 40 minutes. A similar 
result was obtained in a further study with another dog. 

15 If we assume that half-equilibration with plasma 

concentration is achieved in 40 minutes in a poisoned 
patient with renal failure and that a total of 4 litres 
of fluid is introduced into the peritoneum then by 
changing the fluid at intervals of 40 minutes to 1 hour 

20 a clearance of paraquat of 2000/40 ml per min or 50 ml/ 
min could be achieved. This is far greater than renal 
clearance in the poisoned patient and is comparable to 
values obtained with haemodialysis or haemoperfusion 
(60-100 ml/min). 

25 Table 1 



RENAL CLEARANCE OF PARAQUAT 



Time 



Clearance 
(ml/min ) 



(h) 



1.5 
2.5 
3-5 



64.3 
5£.0 
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Table 2 

PERITONEAL DIALYSIS OF PARAQUAT 
The appearance of paraquat in the dialysate 



10 



Time 
(min) 

0 

15 
30 
47 
60 
87 
120 



Paraquat 
(ug/ml) 

0 

2.89 
3.67 
4.72 
5-73 
6.06 
6.40* 



*( Plasma paraquat 8.91 ug/ml) 



m ^ition containing an 
, A peritoneal ^ ^ mixture, 

osm otic ,ent = ^ ^ ^ by weight of 
said mixture containing ^ ^ 

glucose polymers of D.P. & 

nf Claim 1 wherein said mixture 

2 . The composition oi ^ K i U cose polymers 
contains from 50 to 90% by weight g 

of D.P- greater than 12. mixture 

nf claim 1 wherein said mixture 

3 . The composition of Claim po i ym ers 
contains from 75 to 100% by weight g 

of D.P- E^ater than 12. 

• „«• claim 3 wherein said mixture 

4. The composition of oiai J £ i U cose polymers 
contains from 90 to 100% by weight of glu 

of D.P. greater than 12. 

said mixture co f from 2 to 10. 

glu cose pol^s of - 1 ^ 5 uher ; in £aid 

6 . the composition of any ol 

L w /v c £ said glucose poiyaer fixture. 

... of claii 7 wherein said solution 
e . Tne composition of Clan. / 

contains from 2 to <* w/v of said g 



25 mixture. 
9. 



B f riaims 1 to 8, wherein 

9. The composition of »y f Cla * ^ from a star ch 
said glucose polymer mixture is den 



hydrolysate. cl - ms 1 to 9, wherein 

10 . The composition of any of ** m * ; ixture is 

30 the average molecular wexght o the P y 
from 15,000 to 25,000 or from 18,000 
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-1 1 A method of effecting peritoneal dialysis 
comprising introducing into the abdominal cavity of a 
patient a peritoneal dialysis solution comprising a 
peritoneal dialysis composition according to any of 
5 Claims 1 to 10. 

12 A method of treating a patient suffering from 
toxaemia caused other than by kidney malfunction, 
comprising effecting peritoneal dialysis by introducing 
into the abdominal cavity of the patient a peritoneal 
10 dialysis composition including as an osmotic agent a 
glucose polymer mixture containing at least 1596 by 
weight of glucose' polymers of D.P. greater than 12. 
13. The method of Claim 12, wherein said composition 
is a composition according to any of Claims 1 to 12. 
15 14. The method of Claim 12 or 13, wherein said 
toxaemia is caused by paraquat poisoning. 

15. A method of preparing a peritoneal dialysis 
composition, comprising dissolving in a 
Pharmaceutical^ acceptable aqueous carrier an 

20 osmotic agent comprising a glucose polymer mixture, 
said mixture containing more than 50* ty weight of 
glucose polymers of D.P. greater than 12. 

16. A method of preparing an osmotic agent for use 
in a peritoneal dialysis composition according to 

25 any of claims 1 to 10 , comprising providing a glucose 
polymer fixture, and treating said polymer mixture 
to remove therefrom at least a proportion of the 
polymers of D.P. of 1? or less contair.t-d therein, 
whereby to produce a glucose polymer mxt.ure 

y. contain ir.j: more than ';0% by wight. : : : -;.!uco,- 
polymers of D.P. greater ih.-.n 1.'". 



